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Health consequences of obesity

J J Reilly, E Methven, Z C McDowell, B Hacking, D Alexander, L Stewart, C J H Kelnar

The recent epidemic of childhood obesity' has raised
concern because of the possible clinical and public
health consequences.” * However, there remains a wide-
spread perception among health professionals that
childhood obesity is a largely cosmetic problem, with
minor clinical effects. No systematic review has yet
focused on the diverse array of possible consequences
of childhood obesity, though older non-systematic
reviews are available.** In addition, no review to date
has considered the vast body of evidence on the health
impact of childhood obesity which has been published
recently. The aim of the present review was therefore to
provide a critically appraised, evidence based, sum-
mary of the consequences of childhood obesity in the
short term (for the child) and longer term (in adulthood).
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METHODS

Literature searching

We searched for papers using Medline, Embase,
Cinahl, Healthstar, the Cochrane Library, and the
internet from January 1981 to the end of Decem-
ber 2001. °7 Literature searching was carried out
by a specialist librarian. The search was supple-
mented by manual searching of reference lists
from each relevant paper identified, as well as
contents pages of 29 relevant specialist journals
from January 1997 to December 2001. Further
details of the search strategies used are available
from the corresponding author. Papers which
were identified were assessed for relevance to the
question being addressed by a multidisciplinary
group.

Evidence appraisal

The multidisciplinary group, all trained in critical
appraisal, used Scottish Intercollegiate Guide-
lines (SIGN) methodology to appraise the pub-
lished evidence. This approach has been described
elsewhere.”® In brief, each paper identified as rel-
evant was appraised independently by two
reviewers. They agreed on a methodological qual-
ity rating using the methodology’ and hierarchy
of study types published elsewhere.* Where
agreement was not obtained papers were referred
to a third reviewer or to a specialist in critical
appraisal methodology. The hierarchy of study
types was as follows: level 1 evidence, systematic
reviews, meta-analyses, and randomised control-
led trials (RCTs); level 2, non-randomised inter-
vention studies, observational and cohort studies;
level 3, surveys and quasi-experimental studies;
level 4, expert opinion. Studies considered eligible
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were rated for methodological quality by at least
two independent reviewers using published crite-
ria®*: all or most methodological criteria met, low
risk of bias; some criteria not fulfilled or study
inadequately described, low risk of bias; few or no
criteria fulfilled, high risk of bias. Conclusions of
this review are based solely on evidence with low
risk of bias, and references are cited for such evi-
dence. The rationale for this approach is that rec-
ommendations based on evidence should be
explicitly linked to the strength of the underlying
evidence, and, where possible, based on high
quality evidence.”® The nature of the question
being addressed meant that most of the evidence
considered was level 2 and 3. Reference details for
studies which were excluded, and those which
were appraised but rated as being of poor
methodological quality, have not been cited here
but are available from the corresponding author
on request.

Inclusion and exclusion criteria

Studies were excluded from the appraisal if they
did not define obesity in their subjects. This was
relatively common in older literature. A number
of other, largely older, studies did not describe
how obesity was defined, or relied on subjective
assessment for the definition, or subject self
selection. The best available simple obesity defini-
tions are based on body mass index (BMI)
centile,’ and the present evidence appraisal is
based largely on studies where obesity was
defined in this way. In some of the studies we
appraised, the Rohrer Index (weight/height’) was
used to define obesity. We excluded case studies
and reviews of case studies. We considered
evidence from studies of subjects aged 1-18 years.
The evidence fell logically into two major catego-
ries: co-morbidities of childhood obesity in child-
hood (psychological; cardiovascular risk factors;
other medical consequences); and consequences
for the adult who was obese as a child or adoles-
cent (socioeconomic effects; persistence of obes-
ity; cardiovascular risk factors; adult morbidity
and premature mortality).

RESULTS

Short term consequences of paediatric
obesity

Psychological consequences

Nine studies identified from the search were
excluded from our critical appraisal on the
grounds that they did not define obesity in their
subjects, or did not use an objective definition.
Nine studies (cohort or cross sectional) were
appraised, and five of these represented high
quality evidence (table 1). We can conclude that
obese children are more likely to experience
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Table 1 Consequences of childhood obesity in childhood: references appraised

First author, year

Reference

Evidence level

Psychological
Epstein, 1994
Israel, 1985
Strauss, 2000
Erickson, 2000
Phillips, 1998

Asthma
Figeroa-Munoz, 2001
Chinn, 2001
Belamerich, 2000
Castro-Rodriguez, 2001
Von Mutius, 2001

Chronic inflammation
Ford, 2001

Cook, 2000

Visser, 2001

Other

Hypponen, 2000
Riddiford-Harland, 2000
Dietz, 1998

Cardiovascular risk factors
Martin, 1973
Smoak, 1987
Freedman, 1987
Freedman, 1989
Wattigney, 1991
Le Stunff, 1994
Shea, 1994
Wabitsch, 1994
Daniels, 1995
Monti, 1995
Urbina, 1995
McGill, 1995
Gidding, 1995
Caprio, 1996
Bao, 1997
Nain-Feng, 1998
Gutin, 1998
Berenson, 1998
Washino, 1999
Freedman, 199%9a
Freedman, 1999b
Morrison, 1999a
Morrison, 1999b
Cowin, 2000
Higgins, 2001
Maffeis, 2001
Young, 2000
Tounian, 2001
Qing He, 2000
Mamalakis, 2001
Chu, 2000

Int J Eat Disord 15:151-7
J Pedliatr Psychol 10:449-59
Pediatrics 105:e15

Arch Pediatr Adolesc Med 154:931-5

IntJ Obes 22:287-93

Thorax 56:133-7
Thorax 56:845-50
Pediatrics 106:1436-41

Am J Respir Crit Care Med 163:1344-9

Thorax 56:835-8

J Pediatr 138:486-92
Atherosclerosis 149:139-50
Pediatrics 107

Diabet Care 23:1755-60
IntJ Obes 24:541-4
Pediatrics 101:518-25

J Pedliatr 82:192-201

Am J Epidemiol 125:364-72
Am J Clin Nutr 46:403-10
Am J Clin Nutr 50:930-9
Arch Intern Med 151:2017-22
Diabetes 43:696-702
Pediatrics 84:465-70
Am J Clin Nutr 60:54-60
Circulation 92:3249-54
Diabetologia 38:739-47
Circulation 91:2400-6
Arterioscler Thromb Biol 15:431-40
J Pediatr 127:868-74

Am J Clin Nutr 64:12-17
JAMA 278:1749-54

Am J Clin Nutr 67:1141-6
J Pediatr 132:1023-7

N Engl ] Med 338:1050-6
Paediatrics Int 41:260-5
Am J Clin Nutr 69:308-17
Pediatrics 103:1175-82

J Pediatr 135:451-7

J Pediatr 135:458-64

Int J Obes 24:330-9

Obes Res 9:233-40

Obes Res 9:179-87

J Pediatr 136:365-9
Lancet 358:1400-4
Hypertension 36:165-70
Prev Med 33:525-535
IntJ Obes 24:1265-71

2++
2+
2+
2+
2+

2+
2+
2+
2+
2+

2+
2+
2+

2++
2+
4

2++
2+
2++
2++
2++
2+
2+
2++
2++

2++

++, indicates that all or most methodological quality criteria met, conclusions have low risk of bias.®®
+, indicates that some criteria not met or inadequately described, but conclusions have low risk of bias.

psychological or psychiatric problems

than non-obese
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(notably BMI), and/or central obesity (for example, waist

children, that girls are at greater risk than boys, and that risk
of psychological morbidity increases with age. Low self esteem
and behavioural problems were particularly commonly associ-
ated with obesity. For example, Strauss’ found that 34% of
obese (defined as BMI >95th centile), white, 13-14 year old
girls had low self esteem (defined as <10th centile) compared
to 8% of non-obese white girls. However, there was also some
evidence from our review that parental psychological or
psychiatric problems might have a greater influence on the
child’s psychological morbidity than obesity or gender.

Cardiovascular risk factors in childhood
A total of 38 eligible studies were identified which reported on
the association between objectively defined indices of obesity

circumference) and cardiovascular risk factors measured in
childhood. Four of the studies identified were excluded (case
studies, and/or studies with no obesity definition). The
remaining 34 were critically appraised, and only three of these
were rated as low quality evidence. The evidence, cited in table
1, therefore consists of a large number of high quality studies
which consistently showed associations between obesity
(often defined as BMI >85th or 95th centiles) and most of the
major cardiovascular risk factors: high blood pressure; dyslipi-
daemia; abnormalities in left ventricular mass and/or func-
tion; abnormalities in endothelial function; and hyperinsulin-
aemia and/or insulin resistance. For example, Freedman and
colleagues," using an obesity definition of BMI >95th centile
in a sample of 5-10 year olds from the USA, reported

www.archdischild.com


http://adc.bmj.com

750 Reilly, Methven, McDowell, et al
Table 2 Llong term consequences of childhood obesity: references appraised
First author, year Reference Evidence level
Socioeconomic effects
Sargent, 1994 Arch Pediatr Adolesc Med 148:681-7 2+
Gortmaker, 1993 N Engl J Med 329:1008-12 2+
Obesity persistence
Serdula, 1993 Prev Med 22:167-77 2+
Lake, 1997 Am J Clin Nutr 77:376-81 2+
Whitaker, 1997 N Engl J Med 377:869-73 2+
Laitinen, 2001 Am J Clin Nutr 74:287-94 2++
Hardy, 2000 Int J Obes 24:725-34 2+
Mo Suwan, 2000 Int ) Obes 24:1642-7 2+
Freedman, 2001 Pediatrics 108:712-18 2++
Adult morbidity/mortality
Hoffmans, 1988 J Clin Epidemiol 4:749-56 2+
Cardiovascular risk factors
Smoak, 1987 Am J Epidemiol 125:364-72 2+
Wattigney, 1991 Arch Intern Med 151:2017-22 2++
McGill, 1995 Arterioscler Thromb Biol 15:431-40 2++
Bao, 1994 Arch Intern Med 154:1842-7 2++
Bao, 1997 JAMA 278:1749-54 2++
Berenson, 1998 Am J Epidemiol 125:364-72 2++
Wattigney, 1995 Prev Med 24:617-26 2++
Freedman, 2001 Pediatrics 108:712-18 2++
++, indicates all or most methodological quality criteria met, low risk of bias.
+, indicates that some methodological quality criteria were not met or inadequately described, but low risk of
bias.

significant odds ratios for raised diastolic blood pressure (OR
2.4, raised blood pressure defined as >95th centile), raised
systolic blood pressure (OR 4.5, raised defined as >95th
centile), raised LDL cholesterol (OR 3.0, raised defined as
>130mg/dl), low HDL cholesterol (OR 3.4, low defined as <35
mg/dl), raised triglycerides (OR 7.1, raised defined as >130
mg/dl), and high fasting insulin concentration (OR 12.1, high
defined as >95th centile). In the same study, Freedman and
colleagues® also found that 58% of obese 5-10 year olds had at
least one of these five cardiovascular risk factors, 25% had two
or more, and the odds ratios for having two and three of the
five risk factors (relative to non-obese 5-10 year old children
in the cohort) were 9.7 and 43.5 respectively. Many studies
have observed significant “clustering” of cardiovascular risk
factors (the aggregation of risk factors in the same individual)
with paediatric obesity, and it has become clear that the extent
of asymptomatic atherosclerotic lesions in childhood and ado-
lescence is predicted by the number of cardiovascular risk fac-
tors present." In summary, it is now well established that
childhood obesity (and central adiposity) have adverse effects
on the cardiovascular system which are similar to those well
known in adults. Expert opinion has also reached the same
conclusion consistently, and has pointed out the similarities
between children and adults in the lifestyle factors and
biological mechanisms by which obesity promotes cardiovas-
cular risk.*> "

Other clinical consequences in childhood

A total of 13 of the studies which were identified as potentially
relevant were excluded on a variety of grounds: they did not
use an acceptable definition of obesity; did not include a con-
trol group; or used very small sample sizes. Expert opinion
(evidence level 4) has also concluded that paediatric obesity
has a variety of adverse health consequences.*’

Of the remaining evidence, six papers were identified which
reported associations between paediatric obesity and asthma
(risk of asthma or severity of pre-existing asthma). Five of
these six (table 1) were rated as high quality evidence and
they reported fairly consistently that asthma was a co-
morbidity of childhood obesity. This evidence included one
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longitudinal study which reported that becoming obese
significantly increased risk of developing asthma symptoms in
girls who were apparently non-asthmatic at baseline."”

A further seven studies which reported on a variety of other
possible clinical consequences of childhood obesity met our
entry criteria and were appraised. Two studies were rated as
being of low methodological quality and so not included in
this review. Five of the studies represented high quality
evidence. Hypponen and colleagues' found that paediatric
obesity was associated with a more than twofold risk of devel-
oping type 1 diabetes (table 1). Three high quality studies have
suggested that paediatric obesity may be associated with low
grade systemic inflammation. For example, Visser and
colleagues"” found, in 3512 children aged 8-16 years old
participating in the third US National Health and Nutrition
Examination Survey, that overweight (defined as BMI >85th
centile) was significantly and independently associated with
increased serum C reactive protein concentration. The
adjusted odds ratios, reported relative to children with BMI
<85th centile, were 3.74 in boys and 3.17 in girls. One high
quality study found significant associations between obesity
and abnormalities of foot structure (table 1).

Long term consequences of paediatric obesity

Social and economic effects

Three studies were identified; two met our entry criteria and so
were critically appraised (table 2). Both longitudinal studies
presented high quality evidence that obesity in adolescence/
young adulthood has adverse effects on social and economic
outcomes in young adulthood (for example, income, edu-
cational attainment), controlled for a number of other
variables, including intelligence quotient. There was some evi-
dence that these effects might be more marked in women than
men. For example, British girls born in 1958 who had BMI
>90th centile when studied at age 16 had significantly lower
income than girls with BMI <90th centile (by 7% on average)
at age 23, controlled for social class and intelligence quotient."

Persistence of obesity from childhood
We identified 11 eligible studies, four of which were rated as
being of low methodological quality and so are not included in
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this review. The remaining seven studies (table 2) were of high
quality and showed a tendency for childhood obesity to
persist. In six of the seven studies persistence was reported
into adulthood, though one study focused on persistence of
obesity from early childhood into adolescence. Persistence of
childhood obesity into adulthood was substantially more
likely where children had at least one obese parent, where
obesity was more severe (for example, defined as BMI >95th
centile compared to BMI >85th centile), and present at older
ages. Adolescent obesity is probably even more likely to persist
into adulthood than childhood obesity.” Whitaker and
colleagues” found that 69% of obese (defined as BMI >95th
centile) 6-9 year olds in the USA were obese as adults (OR
18.5, using 6-9 year olds with BMI <85th centile as the refer-
ence group). In the same cohort, 83% of obese (BMI >95th
centile) 10-14 year olds became obese adults (OR 44.3, refer-
ence group BMI <85th centile).

Most of the available evidence on the persistence of
childhood obesity was based on older studies, when preva-
lence of parental obesity was much lower. It is worth noting
that persistence of childhood obesity into adulthood should
now be more likely than in the past, given the much higher
prevalence of adult obesity in contemporary populations. Esti-
mates of obesity persistence based on cohorts of children born
many years ago vary as a result of a number of factors, but
typically suggest that around 40-70% of obese pre-pubertal
children will become obese adults. These studies will underes-
timate the magnitude of the effect for modern children in
more “obesogenic” environments. For example, Freedman and
colleagues™ found that 77% of obese (BMI >95th centile)
children were obese (BMI >30) as adults.

Impact of childhood obesity on adult morbidity and risk of
premature mortality

Four relevant studies were identified. One was excluded and
two others were considered to have a high risk of bias. One
remaining cohort study,” of high methodological quality
(table 2), found that a BMI of >25 kg/m’ at age 18 was asso-
ciated with significantly increased mortality within 20 years of
follow up. By the 32 year follow up, a BMI of greater than or
equal to 26 kg/m® at age 18 years was associated with signifi-
cantly increased mortality risk (RR 1.95, with BMI 19 kg/m* as
the reference group). Collecting evidence which addresses
long term effects of childhood or adolescent obesity is clearly
difficult, but there is a need for more research in this area. It is
worth noting that all of the evidence appraised on long term
morbidity/mortality risk suggested adverse effects of child-
hood or adolescent obesity. Evidence on cardiovascular risk
factors (see below) predicts increased adult cardiovascular
morbidity and mortality arising from childhood obesity; this
conclusion was also reached by all expert opinion.”” " **

Cardiovascular risk factors in adulthood

Nine studies tested for relations between paediatric obesity
and adult cardiovascular risk factors. One study was of poor
methodological quality, leaving eight high quality studies
(table 2). Most of these were reports from the Bogalusa Heart
Study. Most of the publications reported significant associa-
tions between atherogenic profiles associated with obesity in
childhood and those in adulthood. We can conclude that obes-
ity mediated cardiovascular morbidity in adulthood can have
its origins in childhood obesity, and that the magnitude of this
problem is likely to be much greater now than in the past, fol-
lowing the epidemic of childhood obesity. Expert opinion
(evidence level 4) has also reached similar conclusions
consistently.”” " However, distinguishing differences in
adult cardiovascular risk between adults who were obese as
children, and those who were non-obese as children is not
straightforward.”
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DISCUSSION

The present review was the first to systematically search and
critically appraise the substantial literature on the health
impact of paediatric obesity. Addressing this issue from a
critical, evidence based, perspective is particularly important
now that obesity is so common in children and adolescents
worldwide, and the demands for clinical and public health
action are increasing.’ > Any such actions should be informed
by appraisal of the evidence base, and the health impact of
paediatric obesity is of fundamental importance. Clearly iden-
tifying the evidence base is also important to address the
widespread perception among health professionals that obes-
ity in childhood is relatively unimportant (a largely cosmetic
problem), or that it matters only in the context of the risk it
provides for later (adult) health. The present review has
shown that paediatric obesity is likely to be a major cause of ill
health in adulthood, but also that it contributes substantially
to illness in childhood. Finally, systematic review and critical
appraisal is very effective at identifying research needs,® and
the present review has identified a number of weaknesses in
the evidence on the health impact of childhood obesity.

Some co-morbidities of obesity in childhood, such as type II
diabetes,” polycystic ovarian syndrome, and various other
conditions (a variety of respiratory, orthopaedic, and hepatic
abnormalities) are now fairly well established, although we
found that the evidence base for these was somewhat limited.
This reflected a combination of factors, notably the rarity of
some of these disorders in the past, a substantial body of fairly
consistent but poorer quality evidence for others, and/or a
substantial quantity of evidence from study designs which
were ineligible in the present review (case studies). It was
obvious from our review that both the quantity and quality of
published evidence on the health impact of paediatric obesity
is increasing, and our understanding of this subject is likely to
improve rapidly in the next few years. It is also worth noting
that conclusions from studies rated as being of poorer
methodological quality were generally very similar to conclu-
sions reached by studies which were more rigorously
conducted or reported.

The design of the studies considered by the present review
meant that in most cases we have summarised evidence which
identified associations between obesity and morbidity. These
studies cannot provide definitive evidence of causation or the
direction of causation. However, for the studies presented in
the present review, study design and analysis has been rigor-
ous, a large body of consistent evidence exists in most cases,
and there are plausible causal mechanisms which can explain
why obesity might be associated with the morbidity. Where
these conditions apply we can be more confident that obesity
causes morbidity. We have been unable to present data on the
magnitude of many of the co-morbidities, and clearly general-
isable estimates of the strength of many of the associations
reported. This reflects both a lack of data on the prevalence of
many of the co-morbidities in the paediatric population, and
the heterogeneity of the studies identified in the review proc-
ess. For example, studies have used a wide variety of obesity
definitions and cut off points, and a number of different defi-
nitions of the co-morbidities studied. Where possible we have
given examples of the “effect size”, based on the highest qual-
ity studies we identified.

Most of the studies reviewed here used BMI percentile cut
offs to define obesity. Most used population reference data,
though some used internally generated BMI percentile cut off
points. The present review has therefore provided further evi-
dence of the “external validity” of such approaches to defining
childhood obesity. The present review has provided a mass of
evidence that the commonly used cut offs of BMI >85th and
>95th centiles are biologically/clinically meaningful, and are
not arbitrary. Furthermore, our earlier systematic review
found that obesity definitions such as BMI >95th centile had
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low to moderate sensitivity and high specificity, and can be
used clinically to identity the fattest children in the population
with confidence.® ” The optimal definition of childhood obes-
ity is still being debated,* * but it is now evident that there are
strong relations between BMI centile cut offs in childhood and
short and long term morbidity.

Conclusions

Childhood obesity has significant adverse effects on health in
childhood. Psychological morbidity is likely to be the most
widespread health impact in childhood." A large body of high
quality evidence has shown that childhood obesity is strongly
associated with the presence and clustering of cardiovascular
risk factors in childhood.

A number of long term adverse effects of childhood obesity
are now well established. The socioeconomic impact of obesity
in adolescence/young adulthood is considerable, but little
known. Obesity in childhood tends to persist into adulthood.
Cardiovascular effects of obesity in childhood persist and this
predicts a strong link between childhood obesity and
morbidity/mortality in adulthood, which should be reflected
in increased cardiovascular morbidity in future, as the current
generation of obese children become adults. Taken together,
this evidence makes a strong case for greater efforts directed
at the prevention and treatment of childhood obesity.
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